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ABSTRACT
Background: Past investigations of cigarette smoking and multiple myeloma have been underpowered to detect moderate associations, particularly within subgroups. To clarify this association we conducted a pooled analysis of nine case-control studies in the International Multiple Myeloma Consortium, with individual-level questionnaire data on cigarette smoking history and other covariates. Methods: Using a pooled population of 2,670 cases and 11,913 controls, we computed odds ratios (ORs) and 95% confidence intervals (CIs) relating smoking to multiple myeloma risk using unconditional logistic regression adjusting for gender, age group, race, education, body mass index, alcohol consumption, and study center. Results: Neither ever smokers (OR=0.95, 95% CI 0.87-1.05), current smokers (OR=0.82, 95% CI 0.73-0.93), nor former smokers (OR=1.03, 95% CI 0.92-1.14) had increased risks of multiple myeloma compared to never smokers. Analyses of smoking frequency, pack-years, and duration did not reveal significant or consistent patterns, and there was no significant effect modification by subgroups.
Conclusion:
Findings from this large pooled analysis do not support the hypothesis of cigarette smoking as a causal factor for multiple myeloma. Impact: Cigarette smoking is one of the most important risk factors for cancer, but the association with multiple myeloma was inconclusive.
This study had excellent power to detect modest associations, and had individual-level data to evaluate confounding and effect modification by potentially important factors that were not evaluated in previous studies. Our findings confirm that smoking is not a risk factor for multiple myeloma. 
MATERIALS AND METHODS
We pooled individual-level questionnaire data from nine case-control studies in the IMMC that collected data on cigarette smoking (2,670 cases, 11,913 controls). The methods of the participating studies and this pooled analysis have been previously described (3). Smoking status was based on participants' usual behavior prior to the diagnosis of multiple myeloma or index date for controls; and former/current smoking status was based on direct questions or calculated from smoking duration. In sensitivity analyses, participants who reported quitting within the two years prior to study interview were re-grouped as current smokers.
Data were checked for consistency, outliers, and missing values prior to pooling. Within each study, we computed odds ratios (ORs) and 95% confidence intervals (95% CI) for ever vs. never smoking using unconditional logistic regression with adjustment for gender and age group.
We conducted a meta-analysis of study-specific findings using random-and fixed-effects models Figure 1 . Since the statistical heterogeneity between studies was not significant (Q statistic P=0.10), we pooled the data into a harmonized data set.
Pooled ORs and 95% CIs were adjusted for gender, age group, race, education (indicator of socioeconomic status), body mass index (BMI), alcohol consumption, and study center. Tests of trend for categorical variables were calculated by modeling category numbers as continuous parameters. We conducted stratified analyses by gender, race, education, alcohol drinking status, BMI, and study design, and used the likelihood ratio test to identify statistical interaction.
RESULTS
In the pooled study population, just over half of the participants were male and the majority self-reported as White. Neither ever smokers (OR=0.95, 95% CI 0.87-1.05), current smokers (OR=0.82, 95% CI 0.73-0.93), nor former smokers (OR=1.03, 95% CI 0.92-1.14) had increased risks of multiple myeloma compared to never smokers (Table 1) . These associations did not change measurably when participants who ceased smoking within two years prior to the completion of the questionnaire were re-categorized as current smokers from former smokers.
However, we did find that participants who stopped smoking after age 56 had an almost 40% higher risk of multiple myeloma than those who stopped at age 33 or younger (p-trend=0.004) ( Table 1) . We saw no significant associations or consistent patterns for smoking frequency, pack-years, or duration. 6 modification. We did not observe a difference in the Pearson correlations between smoking status and alcohol frequency by gender (male r=0.11, p<0.001; female r=0.11, p=0.003).
DISCUSSION
In this pooled analysis of 2,670 cases and 11,913 controls, we found no convincing evidence of an association between cigarette smoking multiple myeloma. Null associations between smoking and multiple myeloma were also reported in two recent meta-analyses (1, 2), which included two and four studies from our analysis, respectively. Unlike our study, these meta-analyses did not have access to individual-level data, and therefore were limited in their ability to conduct subgroup analyses.
It is unclear why we observed lower risks of multiple myeloma among women who were ever and current smokers, but not former smokers. The null exposure-response relationships with smoking frequency, pack-years, and duration of smoking among women argue against smoking being a real protective factor. Also, these findings could be due to a possible disease effect with the current smokers being healthier than the former smokers. Disease effect may also explain the higher risk with older age at smoking cessation.
Strengths of our study include the relatively large sample size and the availability of individual-level risk factor data, enabling us to adjust for a variety of potential confounders and investigate associations within subgroups. Inherent limitations of the case-control design of the participating studies are the potential recall bias of past smoking, exposure misclassification, using controls that are not representative of the case source population
The consistency of our findings with previous cohort studies (5-7), which are less susceptible to these design limitations, argue against bias as a major explanation for our findings.
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In conclusion, the totality of evidence from our pooled analysis confirms that smoking is not associated with multiple myeloma. 
